detection and tracking of AD in participants who meet the criteria for mild cognitive impairment (MCI) and mild AD, including elderly normal controls. The aim of the ADNI is to define the progression of AD, as well as to develop reliable biomarkers as predictors of this disease. The study began in 2004 and has been extended three times since its inception 5 . The Argentina ADNI (Arg-ADNI) has launched the first South American ADNI effort to acquire data in a collaborative study 6 . Although our center committed to assess a small cohort, this represented the first South American population that has been studied in an exhaustive and standardized manner.
The aim of this article is to show data on longitudinal changes in neuropsychological and biomarker testing after one year follow-up in the three clinical, well-studied groups of the first South American ADNI population.
METHODS
This was a one-year observational and longitudinal study, which comprises the results of neuropsychological testing in a well-studied population that is part of the ongoing Arg-ADNI. In agreement with other worldwide ADNI programs, Arg-ADNI follows the same study design to guarantee a standard and uniform evaluation of participants 6 . A cohort of 56 individuals between the ages of 55 and 85 were enrolled at the Neurological Research Institute, Foundation for the Fight Against Neurological Diseases of Children / Fundación para la Lucha contra las Enfermedades Neurológicas de la Infancia (FLENI) and were divided into three possible clinical groups according to the inclusion and exclusion criteria and sample classification: 15 cognitively normal participants were included in the normal control group (NC group), 27 patients in the mild cognitive impairment group (MCI group) and 14 patients diagnosed with Alzheimer's disease (AD group). Each participant from all three groups underwent a baseline assessment, in which a structured evaluation was performed including: clinical and neurological examination, neuropsychological test battery, genetic blood test assay, cerebrospinal fluid (CSF) AD biomarkers, brain 3.0 T MRI scan, FDG-PET scan and PiB-PET scan; and then a follow-up visit that was performed after 12 months after the first evaluation.
Standard protocol approvals and patient consent
This study received the approval of the FLENI bioethics board. Each participant, with their corresponding study partner, signed the informed consent form before initial evaluation.
Inclusion and exclusion criteria
The inclusion criteria were as follows: 1) Participants with a Hachinski Ischemic Scale 7 score ≤ 4; the Geriatric Depression Scale 8 score < 6 and an education of at least grade 6 or work history equivalent.
2) A study partner with 10 hours per week of contact, either in person or on the telephone, who could accompany the participant to the clinical visits.
3) A list of allowed medications that were stable for four weeks prior to the baseline evaluation.
4) Visual and auditory acuity adequate for neuropsychological testing.
5) Exclusion criteria were: 6) Major depression, bipolar disorder as described in the DSM-IV within the past year.
7) Psychotic features, agitation or behavioral problems within the last three months that could lead to difficulty complying with the protocol. 8) History of schizophrenia (DSM-IV criteria). 9) History of alcohol or substance abuse or dependence within the past two years (DSM-IV criteria).
10) Any significant systemic illness or unstable medical condition that could lead to difficulty complying with the protocol.
11) Women had to be sterile or two years past childbearing potential.
12) Participants could not have any medical contraindication to MRI or PET and could not be enrolled concurrently in other trials or studies.
Sample classification
The classification criteria for each of the groups were as follows: In regard to memory complaints, participants in the NC group had to be free of any complaint, while the MCI and AD patients both had to have reported memory impairment. On the Mini-Mental State Examination (MMSE) 9, 10 , the range for normal participants and those with MCI was 24-30, and for AD was 20-26; all inclusive. The Clinical Dementia Rating (CDR) 11 score for normal participants was 0 and for participants with MCI was 0.5 with a mandatory requirement of the memory box score being ≥ 0.5, and the rating for patients with AD was 0.5 or 1. For the memory criterion, delayed recall of paragraph 1 from the Logical Memory II subscale of the Wechsler Memory Scale-Revised 12 (maximum score of 25) was used, with cutoff scores as follows based on education: for normal participants we established a cutoff score ≥ 9 for 16 years of education, between 5-8 for 8-15 years of education, and between 3-7 for 0-7 years of education. For participants with MCI and those with AD, the cutoff scores were ≤ 8 for 16 years of education, ≤ 4 for 8-15 years of education, and ≤ 2 for 0-7 years of education. In addition, the NC participants had to be age-matched to the other participants and could not have any significant impairment in cognitive functions or activities of daily living. The participants with MCI had to be intact with regard to functional performance, and could not qualify for the diagnosis of dementia. The participants with AD had to be at the mild stage of the disease and had to meet the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer' s disease and Related Disorders Association criteria for probable AD
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, regardless whether the CDR had been scored as 0.5 or 1.
Baseline visit
At the baseline visit, each participant provided all their data about demographics, family and medical history. In addition, they were given a clinical and neurological examination, neuropsychological test battery, CSF AD biomarker measure, brain 3T MRI scan, FDG-PET scan and PiB-PET scan. It usually took two or three visits to our center for participants to complete the baseline visit, although the timeframe for its completion was never over a month.
Neuropsychological test battery and MRI scan
At baseline, as well as at the one-year follow-up, participants were given the Alzheimer' s Disease Assessment Scale (ADAS) 14, 15 , Montreal Cognitive Assessment (MoCA) 16 C-CO 2 to subsequent purification was 35 minutes. Purification was performed through the differential interaction among the components of the raw product, the stationary and the mobile phases. The final purification was performed within the synthesis module. The final result was a mixed solution of the mobile phase with a volume of 28 ml physiological solution with a content of less than 10% ethanol and approximately 200 mCi 11 C-PiB. The final result of the reaction was 10%.
After 50 minutes of the endovenous infusion of 10mCi of 11 C-PiB, volumetric multislice computerized tomography (CT) brain images were obtained using PET/CT Discovery 690 GE equipment. Images were obtained using a nonuniform attenuation correction with CT. Axial, coronal and sagittal images were obtained either with MRI and/or CT.
PET visual analysis
Images were viewed and analyzed by two nuclear medicine physicians, blinded to the clinical data of the patients. The presence or absence of cortical amyloid and its spatial distribution was analyzed qualitatively using visual color linear scales. Based on the concentration of activity of 11 C-PiB, the degree of cortical retention was classified as positive or negative. A total of 50 out of 56 patients underwent a PiB-PET scan (89.2%).
CSF AD biomarkers
The CSF was obtained by lumbar puncture from 40 out of 56 participants (71.4%). Core AD biomarkers Aβ1-42, total tau and phosphorylated tau at T181 were quantified using the INNOTEST ® (Fujirebio) enzyme-linked immunosorbent assay kit. Cutoff values considered by our local laboratory as a typical AD biomarker signature are: < 532 pg/ml for Aβ, > 100 pg/dl for total tau protein and > 26.5 pg/ml for tau phosphorylated 26 . All three measures had to be in the range for AD to consider the individual as positive.
AD biomarker considerations
In our cohort, not every participant underwent both lumbar puncture and a PiB-PET scan and there were three patients (two MCI and one AD) who, although they were included at the baseline analysis, refused both imaging and biochemical biomarker analysis. However, these participants were excluded during the follow-up for other reasons as well ( Figure 1 ). For the remaining 53 participants, at least one or the other of these two biomarkers were analyzed. For the purposes of analysis and diagnostic certainty, we considered a subgroup of participants to be "positive" for AD biomarkers when at least one of these assays was positive on amyloid detection and a "negative AD biomarker" subgroup when at least one of the assays were negative. No discrepancies were found in those participants who had both AD biomarkers performed.
One-year follow-up visit
From the initial cohort of 56 participants, 50 were followed up and completed the one-year follow-up visit. In this visit, participants underwent clinical and neurological evaluation. The same neuropsychological test battery as for the baseline visit was used, with the exception of the RAVLT, which included a different list. Also, a new MRI scan was performed. Conversion to dementia was measured by the CDR score.
Data analysis
All data analysis was done using IBM SPSS software. For baseline analysis, we used parametric (one way-ANOVA) and non-parametric (Pearson's Chi-square) tests when necessary. Post hoc group and magnitude effect analyses were performed using Bonferroni's method. For all neuropsychological variables, we performed a baseline group analysis and a one-year follow-up analysis using ANOVA to assess differences between the clinical groups. To address the impact of time and the biomarker status in the patients' evolution, we performed a repeated measures ANOVA with clinical groups and biomarker status as factors. To address the assumptions needed in this model, we performed the Levene, Box Cox and Mauchly diagnostic tests. A Huynh-Feldt correction was used to measure intra-participant variations p-value. Standardized scores (z-scores) were used when analyzing neuropsychological tests when applicable. For standardization, we used the mean and standard deviation (SD) from the FLENI-Aging and Memory Center normal controls' database.
RESULTS

Baseline characteristics of study participants
Information on the demographic characteristics of the groups are summarized in Table 1 . A total of 56 participants were included at the baseline evaluation. Notably, participants in the AD group were significantly older than those in the NC group, with a mean difference -7 ± 2.5 (p = 0.018). No significant differences were observed between the AD and MCI groups. All three groups were similar with respect to years of education and gender. All participants were of European descent and Spanish-speaking. Fifty-three of the 56 participants had at least one AD biomarker performed (CSF 71.4%; PiB-PET 89.2%). The distribution of positive AD biomarkers between groups was similar for both methods (CSF and PiB-PET), with significant differences in the frequency of positivity of the NC group compared with the AD group (CSF p = 0.07; PiB-PET p = 0.01). In the case of the MCI group, there was a finding of positive amyloid detection in almost half of the participants (CSF 50%; PiB 45.5%). Table 2 shows the mean scores and SD of the neuropsychological testing between groups at the baseline visit. The three groups significantly differed from each other in the following tests: the RAVLT immediate recall, delayed recall and recognition (all three phases of memory), MoCA test, Semantic Fluency and TMT-B (p = 0.000). For the baseline analysis, the MMSE, Logical Memory and CDR were not considered, as these tests were used as part of the sample classification process, but they were considered in subsequent longitudinal analysis. For the rest of the neuropsychological tests, we found significant differences between the NC and AD groups, as well as between the MCI and AD groups, but not between the NC and MCI groups. There was no significant difference in the Geriatric Depression Scale between any of the groups. The NC group had no functional impairment as shown in the FAQ; however, there was a significant difference between the MCI versus the AD group, as expected (MCI mean score 2.4 versus AD mean score 12.7; p = 0.000).
Longitudinal analysis
As mentioned above, 50 participants completed the one-year follow-up visit, as six participants were excluded during the follow-up, causing slight changes in the total number of participants in each group: NC (n = 14); MCI (n = 24) and AD (n = 12) (Figure 1 ). Regarding the clinical status, five MCI participants had converted to dementia (AD group) based on functional worsening measured by the CDR (conversion from CDR 0.5 to 1). This represented a rate of conversion of 20% at the one-year follow-up. Four of these participants had a positive AD biomarker (only one was negative). For the purpose of longitudinal analysis of the neuropsychological testing, these participants were kept in the MCI group preserving the initial classification (Figure 1) . Figure 2 shows the evolution of scores of the neuropsychological testing indicating the mean values and SD between baseline (T1) and annual visit (T2) for each clinical group. To achieve a better correlation between the test results and age and educational level, z scores were used for most of the tests, except for the MoCA, ADAS-cog, Logical Memory, FAQ and CDR, in which the sum of boxes was used instead. In addition, and next to the graphs of the clinical groups, the same model was drawn showing those participants who had positive AD biomarkers versus those who were negative.
The Logical Memory test was included in the longitudinal analysis. After one year, the significant differences between groups remained similar to the baseline visit (p = 0.000) and time did not cause a significant decline in total scores for both immediate and delayed recall. The presence of AD biomarkers in this test did not change the evolution slopes significantly. However, we observed a trend towards improvement for those who were negative for AD biomarkers. This same situation was found for the RAVLT, as significant differences were found after one year (p = 0.000) but there were no significant changes in the total scores. In this case, the presence of AD biomarkers did not modify the results slope. T1  T2  T1  T2  T1  T2   Negative biomarker Positive biomarker   T1  T2  T1  T2  T1 T1  T2  T1  T2  T1  T2 12. T1  T2  T1  T2  T1  T2  T1  T2  T1  T2  T1  T2   T1  T2  T1  T2  T1  T2  T1  T2  T1  T2  T1 T2
With regard to the short tests, the MMSE, MoCA and ADAS showed constant differences over this timespan (p = 0.027; p = 0.001; p = 0.001 respectively). However, for only the MoCA test, time had a significant impact in all three clinical groups with a significant decline of 1.35 points (p = 0.018) in the global score.
There was no difference between groups over the timespan for the Geriatric Depression Scale. With respect to the FAQ, the AD group showed a mean decline of 18.27 points (p = 0.000) compared with the MCI group and 20.4 points compared with the NC group (p = 0.000). There was no difference between the MCI group and the NC group. The addition of an AD biomarker in this model showed no significant impact although it should be considered that only one participant had a negative biomarker in this group (almost all positive). The same was found for the CDR as the AD group increased by 4.34 more points compared with the mean value of the MCI and NC groups.
When analyzing the language domain, semantic fluency showed different evolutions over time between the groups (p = 0.008), insomuch as the AD group had a mean decline of 1.71 z score points compared with the NC group (p = 0.000) and 1.17 z score points compared with the MCI group (p = 0.006). For the Boston Naming Test and phonological fluency, the same significant differences found at baseline remained at the one-year visit. For these tests, the addition of AD biomarkers as a variable did not significantly alter the variations previously found for the established clinical group's model.
Finally, there were no significant variations over time for the non-memory tests (TMT-A and TMT-B) from those differences found at the baseline visit. Again, the addition of the biomarker variable in the model also did not change these findings.
CONCLUSIONS
In this longitudinal study, we describe variations found in neuropsychological testing of the first ADNI cohort in South America after a one-year follow-up. In this study, there was a high prevalence of positive AD biomarkers in the AD group, 92.3% (12/13) and a low prevalence in the NC group, 20%. This means that the AD group represented a high probability pre-test group (the probability of having positive amyloid plaques prior to detection). The prevalence of AD biomarkers found in the NC and AD groups could have important considerations about the correct indication of AD biomarkers in the clinical setting. As previously noticed for other imaging task groups, the use of biomarkers is not recommended in these individuals due to their lack of usefulness in the diagnostic process. A different T1  T2  T1  T2   T1  T2  T1  T2  T1  T2   4 scenario is set for the MCI group with respect to AD biomarkers. Although MCI patients are at risk of converting to AD, there is great uncertainty about the underlying pathology, as a non-AD pathology could be causing the clinical symptoms. Therefore, it is essential to have biomarkers that support the suspected diagnosis in investigational studies. In our cohort, almost half (48%) of the patients diagnosed with MCI had positive amyloid detected, and the conversion rate to dementia was 20% ( five patients from the MCI group). Interestingly, one of the participants who converted to dementia had negative amyloid biomarkers. Although, in this patient the possibility of a false negative result could not be ruled out 27 , non-AD pathology in patients with an AD-like phenotype is not uncommon 28 . Even though MCI patients with positive AD biomarkers are at higher risk of conversion to dementia, in our cohort there was no additional impact on neuropsychological tests when differentiating positive MCI versus negative MCI after one year. We acknowledge that the time period may have been too short to show significant differences, although some trends were found between groups.
In regard to the baseline analysis, it is well established that these groups represent a clinical continuum in memory impairment with different functional levels. However, not all the tests had the discriminatory power to recognize all groups, probably due to the preservation of the other cognitive domains usually found in MCI. Of note, we found that MCI patients who only had referred memory problems (amnestic type) also showed some impairment on non-memory tests, as was demonstrated by the TMT-B and semantic fluency, regardless of the expected impairments on memory tests. In regard to short tests, the MoCA test showed statistically significant differences among the three groups (p = 0.000). In contrast, the ADAS-cog could only discriminate the AD group from the NC and MCI groups, but not the NC group from the MCI group. This makes MoCA a suitable (and shorter) test when screening individuals with cognitive complaints and also an alternative test to the MMSE, as previously reported 16 . Longitudinally, the significant differences found at baseline were similar in the one-year follow-up assessment for almost all tests, perhaps due to the relatively short time between evaluations. The exception was semantic fluency, which showed greater impairment between the AD group and the MCI and NC groups respectively. Impairment in semantic fluency is a characteristic feature in patients suffering from AD, demonstrating the spread of the AD pathology to the entorhinal region 29 . In our cohort, significant differences in semantic fluency were found from the beginning in all groups, which could mean this domain is affected early. However, after one year these differences were more pronounced only in the AD group. In addition, the FAQ and CDR functional scales showed a pronounced worsening in the AD group (higher scores), leading to more significant differences compared with the NC and MCI groups. Surprisingly, the functional decline documented in the AD group was not accompanied by a significant worsening for the rest of the tests evaluated, except for semantic fluency.
Dividing each group and the cognitive tests according to biomarker status (positive versus negative) did not have a significant impact in our model. This was in part due to the NC group having a low prevalence of AD biomarkers and the AD group having a high prevalence, making biomarkers and the clinical diagnosis redundant. This was different for the MCI group. The ADNI model specifically focuses on patients diagnosed with MCI and aims to determine predictors of conversion to dementia. It was for this reason that more MCI participants than the other groups were included into the study. As mentioned before, half of the patients in our MCI group were positive. Therefore, we intended to demonstrate whether those "biomarker positive MCIs" would have greater impairment on neuropsychological testing, but that was not the case. We acknowledge, as limitations of the study, the limited time of the follow-up and the small cohort, which could have masked the influence of AD biomarkers. It is worth mentioning though, that some trends (not enough to be statistically significant) were shown between cognitive tests and biomarkers. Focusing on the MCI group, "biomarker positive MCIs" had higher mean values (worse) in the ADAS-cog. On the other hand, "negative MCIs" had shown some degree of improvement in Logical Memory, probably due to preservation of their learning skills.
